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PREFACE

Section 7 of the Water Resources Development Act of 1988, P.L. 100-676,
33 U.S.C. 2313, and the Stevenson-Wydler Technology Innovation Act of 1980, as
amended, 15 U.S.C. 37102a, provide the legislative authority for the Construc-
tion Productivity Advancement Research (CPAR) Program. The CPAR program
allows the US Army Corps of Engineers to enter into cooperative research and
development agreements with construction industry partners to conduct cost-
shared, collaborative efforts with the goal of improving construction
productivity.

The CPAR project "Improved Materials and Processes for Sealing and
Resealing Joints in Portland Cement Concrete Pavements," was a collaborative
effort of the Geotechnical Laboratory (GL) of the US Army Engineer Waterways
Experiment Station (WES) and Crafco Incorporated. The work was conducted from
October 1989 to December 1991. The US Army Corps of Engineers Technical Moni-
tor was Mr. Gregory Hughes.

The project was conducted under the general supervision of Dr. W. F.
Marcuson III, Director, GL, WES, and under the direct supervision of Mr. H. H.
Ulery Jr., former Chief, Pavement Systems Division (PSD); Dr. G. M.

Hammitt II, Chief, PSD, GL; Dr. R. S. Rollings, former Chief, Materials
Research and Construction Technology (MR&CT), and Mr. T. W. Vollor, Chief,
MR&CT. The WES Principal Investigator was Mr, Larry N. Lynch, and the Crafco
Principal Investigator was Mr. James Chehovits. The report was prepared by
Messrs. Dewey W. White, Lynch, and Chehovits.

At the time of publication of this report Director of WES was
Dr. Robert W. Whalin. Commander was COL Leonard G. Hassell, EN.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To_Obtain
degrees (angle) 0.01745329 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvinsx
inches 2.54 centimetres
ounces (UJS fluid) 0.02957353 cubic decimetres
pounds (force) per square inch 6.894757 kilopascals
square inches 6.4516 square centimetres

* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read-
ings, use: K = (5/9)(F - 32) + 273.15,




IMPROVED MATERIALS AND PROCESSES FOR SEALING AND RESEALING
JOINTS IN PORTLAND CEMENT CONCRETE PAVEMENTS
LABORATORY STUDY

PART I: TINTRODUCTION

Background

1. Many types and compositions of sealants are currently used for seal-
ing joints in portland cement concrete (PCC) pavement. These materials vary
widely in chemical complexity, field performance, suitability for a specific
application, and price. Currently, there are four types of sealants which can
be specified on military projects. The specifications for these sealants are:

a. Federal Specification (FS) S§-S-1401C, "Sealant, Joint, Non-Jet-
Fuel Resistant, Hot-Applied, for Portland Cement and Asphalt
Concrete Pavements” (FS 1984a).

b. FS SS5-5-1614A, "Sealant, Joint, Jet-Fuel-Resistant, Hot-Applied,
for Portland Cement and Tar Concrete Pavements®" (FS 1984b).

c¢. FS S85-S-200E, "Sealants, Joint, Two Component, Jet-Blast-
Resistant, Cold-Applied, for Portland Cement Concrete Pavement"
(FS 1988).

d. US Army Corps of Engineers Handbook for Concrete and Cement

CRD-C 527, "Joint Sealants, Cold-Applied, Non-Jet-Fuel-
Resistant, for Rigid and Flexible Pavements" US Army Corps of
Engineers Handbook of Concrete and Cement 1988).

2. Sealants manufactured to meet the requirements of FS S$S-$-140.C are
typically polymer modified asphalt-base, hot-applied materials. These seal-
ants are used to seal cracks in asphalt cement pavements, or joints in PCC
pavements in areas that are not exposed to fuel spillage. Typical application
areas for FS SS-S-1401C sealants are parking lots, roadways, and some portions
of taxiways. For personnel not familiar with federal specifications, FS SS-S-
1401C is similar, but not identical to American Society for Testing and Mate-
rials (ASTM) D3405 (ASTM 1991).

3. Sealants manufactured to meet the requirements of FS SS-S-1614A are
polymer modified coal tar-base, hot-applied materials and are used to seal
joincs in PCC pavements where fuel spillage would be expected. FS §5-5-1614A
type sealants should not be used to seal cracks in asphalt pavements. Typical
application arsas are maintenance areas and aircraft parking aprons. FS S8S-S-

1614A is somewhat similar to ASTM D3581 (ASTM 1991).




4, Sealants manufactured to meet the requirements of FS SS-S-200E are
two-component, cold-applied materials which are typically polysulfide or poly-
urethane modified tar compositions. These sealants are used to sral joints in
PCC pavements where both fuel spillage and aircraft blast are expecred. Typi-
cal application areas are aircraft warm-up areas, pavements that are exposed
to vertical short takeoff landing (VSTOL) aircraft, and the ends of runways.
There is not an ASTM specification that is similar to FS SS-5-Z00E.

5. Sealants manufactured to meet the requirements of CRD-C 527 (US Army
Corps of Engineers Handbook of Concrete and Cement 1988) are cold-applied and
can be either single or multicomponent materials. CRD-C 527 sealaits are used
to seal joints and cracks in either PCC or asphalt cement concrete pavements
that are not exposed to fuel spillage. Typical areas where these sealants can
be used are the same as for FS SS-5-1401C sealants. An ASTM specification
that is similar to CRD-C 527 does not exist.

6. Each of the above mentioned pavement joint sealants is manufactured
for a specific uce; however, an ideal sealant, regardiess of the specification
to which it was manufactured, would have certain characteristics. These ideal

characteristics would include:

a. Simple and repeatable applicaticn techniques.

b. Adhesion to joint faces when subjected to extreme temperatures
and joint movements.

¢. Insensitive to moisture.

d. Reject intrusion of incompressible materials.

e. Resistant to long term weathering.

f. Resistant to various de-icing chemicals.

g. Resist bubbling and/or blistering during application and
service.

h. Economical,

Special characteristics for particular applications are also desirable. For
example, fuel resistance and/or blast resistance are required for some
applications.

7. Each sealant type; FS SS-5-1401C, S$S5-5-1614A, S$8-S-200E, and
CRD-C527 may possess one more of these ideal characteristics. But no one type
of sealant contains all of them.

8. Field observations and evaluations conducted in recent years by

various agencies have indicated problem areas associated with the sealing and




resealing of joints in PCC pavements. Some of the specific problems tha* have

been observed include the following:

a.

b.

l{e)

Some sealants tend to become brittle or hard as atmospheric and
pavement temperatures decrease and as sealants age.

Hot-applied sealants have experienced bubbling tendencies during
application or within the first few mounths (usuallv within
6 months) of application.

Some sealants experience cohesion and/or adhesion failures.

Project Objectives

8. Crafco Incorporated and the US Army Engineer Waterways Experiment

Station (WES) conducted a cost-shared collaborative effort to investigate

methods of improving pavement joint sealant performance. This program was

funded under the auspices of the FY 89 Construction Productivity Advancement

Research (CPAR) Program. The stated objectives of the rescarch effort were as

follows:

Im

o

[g}

[a¥

Objective 1: Development of specification limits for a hot-
applied, jet-fuel-resistant (JFR) sealant with improved perfor-
mance characteristics as compared to current FS S$S-5-1614A type
materials.

Objective 2: Development of specification limits for a hot-
applied, non-jet-fuel-resistant (non-JFR) sealant with improved
low temperature performance characteristics as compared to cur-
rent FS SS-S-1401C type materials.

Objective 3: Development of specification limits for a prime-
system that will minimize bubbling tendencies associated with
hot-applied sealants and improve sealant adhesion to PCC.

Objective 4: Develop field data to determine performance of
flush fill sealant application geometry versus 1/8 to 1/4 in.*
recess application technique.

Purpose of Report

10. Since the project involved both laboratory investigations and field

installation information, the project was divided into a laboratory phase, and

a field installation phase.

* A table of factors for converting non-SI units of measurement to SI
(metric) units 1s presented on page 5.




11. The purpose of this report is to document the laboratory investiga-

tion effort or laboratory phase of the project.




PART I1: LABORATORY RESEARCH PLAN

12. The research plans to accomplish the three objectives included in
the laboratory phase were very similar. Initial meetings were conducted to
identify specific properties and characteristics that would be desirable in an
improved hot-applied, JFR sealant, an improved hot-applied, non-JFR sealant,
and in a primer system that would minimize the bubbling tendencies of hot-
applied sealants. Once the desirable characteristics of the two types of
sealants were identified, several JFR and non-JFR sealants were procured.

13. The procured sealants were representative of commercially available
non-JFR and JFR sealants. The sealants obtained were not limited to those
manufactured to FS SS5-5-1401C or FS SS-5-1614A. For example, some of the
sealants were manufactured to meet ASTM specifications. More specifically,
the non-JFR sealants procured were manufactured to meet the requirements of
FS SS-S5-1401C, ASTM D3405, or a modified low modulus ASTM D3405 which has been
adopted by several state agencies. The procured JFR sealants were
manufactured to meet the requirements of FS SS-S-1614A, ASTM D3569, or
ASTM D3581. The non-JFR sealants were tested in accordance with
FS SS-S-1401C, and the JFR sealants were tested in accordance with
FS $5-5-1614A to establish a material properties baseline. Additional testing
of each of the sealants was conducted to determine if the hot-applied sealants
exhibited the desired characteristics outlined in the initial meetings.

14, Laboratory formulation studies of both non-JFR and JFR sealants
were conducted to produce hot-applied sealants which exhibit more of the
desired characteristics than those exhibited by commercially available seal-
ants. Based on the laboratory testing of the procured sealants and on the
laboratory formulations, draft material specifications were developed to high-
light the desired material characteristics. Finally, production quantities of
the most promising laboratory formulations were produced for laboratory test-
ing and allow field evaluations.

15. Once the desirable properties and characteristics were defined in
the initial meeting, a literature search and laboratory study were initiated.
The literature search was conducted to gather information on primer materials
used in construction applications. The laboratory study was conducted using
the US Army Corps of Engineers Handbook of Concrete and Cement CRD-C 525
(1989) test procedure which evaluates the bubbling tendencies of hot-applied

10




sealants. The labora v study was conducted to gain an increased understar
ing of the sealant bubbling phenomena. Laboratory formulation studies were
conducted to develop a non-JFR and a JFR primer material with the identifiec
desirable properties. A draft material specification was developed for the
primer system based on the laboratory study and laboratory formulatioms.
Production quantities of primer were produced for testing in accordance with
the draft material specification and for future field evaluations.

16. The specific materials, testing procedures, testing results, and
development procedures and results are discussed in the remainder of this

report.

11




17.

PART III: PHYSICAL CHARACTERISTICS OF AVAILABRLE
HOT-APPLIED, JET-FUEL-RESISTANT SEALANTS

Products Tested

During initial project planning meetings, it was determined that

prior to initiating development activities for an improved JFR sealant, it

would be helpful to test a variety of commercially available hot-applied JFR

sealants to determine their physical properties. It was also decided that not

only should testing in accordance to FS SS-S-1614A be conducted, but that more

extensive testing to determine performance limits and to provide a basis for a

comparison and improvement should also be conducted. The sealants submitted

were manufactured to meet either FS $S-S-1614A, ASTM D3569, or ASTM D3581.

18.

as follows:

Joint sealants evaluated for the JFR portion of this project were

([

=2

{e]

[oF

[

Superseal 1614A, Plant 1, Crafco Inc., manufactured to meet the
requirements of FS SS-S-1614A and ASTM D3581. This is a liquid
material as supplied by the manufacturer.

Superseal 1614A, Plant 2, Crafco Inc., manufactured to meet the
requirements of FS S5-S-1614A and ASTM D3581. This is a liquid
material as supplied by the manufacturer. The purpose for
using two materials from Crafco Inc. was to determine if any
differences were evident in products made to meet the same
specification, by the same manufacturer, but at different plant
locations with different sources of raw materials.

Product 9012, Koch Materials Company, manufactured to meet the
requirements of FS SS-S-1614A, ASTM D3581, and ASTM D3569.
This is a solid material as supplied by the manufacturer.

NEA-1614, Koch Materials Company, manufactured to meet the
requirements of FS S5-5S-1614A and ASTM D3581. This is a liquid
material as supplied by the manufacturer.

Nitoseal 777, Fosroc International, LTD., manufactured to meet
the requirements of ASTM D3569. This is a liquid material as
supplied by the manufacturer.

Production lot numbers with the manufacturers’ recommended pour and safe heat-

ing temperatures are as follows:

12




Lot Pour Safe Heating

Product Identification Temperature Temperature
Superseal 1614A, Plant 1 SACIBO 250°F 270°F
Superseal 1614A, Plant 2 SHM9A9 250°F 270°F
Product 9012 1260 260°F 280°F
NEA-1614 1246 250°F 270°F
Nitoseal 777 3371-T 275°F 300°F

Specification Testing

19. Each of the five sealant materials was tested in accordance with
FS SS-S8-1614A using the manufacturers’ recommended safe heating temperature.
FS SS-S-1614A requires the material to be heated for a total of 3 hr before
being poured into the sample molds for testing. The sealants were also tested
to FS 85-8-1614A required parameters at several other heating periods. The
additional heating periods included 45 win to provide an indication of short
term heating and application, and 4.5 and 6 hr to provide indications of the
effects of heating for longer periods than required by the specification,
Selected testing was performed by both WES and Crafco laboratories to provide
an indication of testing variability between laboratories. Summaries of the
FS 55-S-1614A testing conducted by Crafco and WES are presented in Table 1. A
data summary which shows mean values, estimated standard deviation (based on a
value of 0.886 times the range of the two values) (Burr 1974), and the coeffi-
cient of variation is shown in Table 2.

20. Crafco test results for the JFR sealants tested in accordance with
FS 5S-5-1614A with heating times of 45 min, 4.5 hr, and 6.0 hr are summarized
in Tables 3 through 5.

21. A brief summary of the test procedures is provided in Appendix A.

Specification Test Analysis.

22. The test results provided in Table 1 indicate that the Super-
seal 1614A from Plant 1, the Product 9012, and the NEA 1614 conformed to the
test requirements of FS $S-$-1614A in both the WES and the Crafco laborato-
ries. The other two sealants, Superseal 1614A from Plant 2 and Nitoseal 777,

13
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had conflicting reports. The Superseal 1614A from Plant 2 material was
reported as conforming to FS S8S8-5-1614A requirements in the Crafco laboratory
tests, but the material exhibited cohesive failure on the second cycle during
the testing at WES. The Nitoseal 777 conformed to the test requirements of
FS S8S5-S-1614A at WES, but the material did not meet the nonimmersed penetra-
tion requirement as reported by Crafco.

23. The summarized data provided in Table 2 indicate some variability
between the testing conducted by WES and Crafco. The nonimmersed penetration
average values ranged from 0.99 to 1.26 cm. The range of values indicates the
diversity of materials that can meet the FS S5-S-1614A nonimmersed penetration
requirement of 1.30 cm maximum. More important than the change in average
penetration values is the coefficient of variance (CV) of the nonimmersed
penetration results of each of the sealants. The CV ranges from a low of
5.4 percent for the Product 9012 results to a high of 13.3 percent for the
Nitoseal 777. The fuel-immersed penetration average values had a narrower
range, Lut the CV ranged from a low of 2.1 percent for the NEA 1614 to a high
of 17.9 percent for the Superseal 1614A from Plant 1. The CV for the fuel-
immersed change in weight exhibited a larger range than either the non-
immersed or fuel-immersed penetration results. The CV ranged from 0.0 percent
to 35.6 percent. The flow tests indicated no apparent variability because
none of the samples exhibited flow. The simple statistical analysis of the
data indicates that variability in the test results does exist between labora-
tories and that the variability could be of a sufficient magnitude for ome
lzboratory to report that the sealant conforms to the specifications and a
second laboratory to report that the sealant does not conform to the specifi-
cation requirements. The bond testing is reported by satisfactory or unsatis-
factory; therefore, statistical analysis is more difficult. The bond test
results were very consistent between the laboratories with only one test that
did not correspond. The one exception was the fuel-immersed bond testing for
the Superseal 1614A from Plant 2. The reason for the discrepancy in the bond
testing or the variability of the other test results is not known. However,
items such as sampling techniques, melting and heating effects of the labora-
tory equipment, human variability, and conditions to which the sealants were
exposed during shipment could be contributing factors to the noted variances.

24, The data obtained on the sealant materials using the additional

heating periods are provided in Tables 3, 4, and 5. Data with numerical
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values are plotted in Figures 1 through 4. The data indicate that the physi-
cal properties of the sealants change as the heating period is varied.

25. The Superseal 1614A Plant 1 sample did not meet the FS SS-S-1614A
test requirements when exposed to the 45 min heating period. The nonimmersed
penetration value exceeded the 1.30 cm limit. However, the Superseal 1614A
Plant 1 sample did meet the FS SS-S-1514A test requirements when exposed to
the longer heating periods of 3.0, 4.5, and 6.0 hr. The longer heating peri-
ods appeared to stiffen or harden the Superseal 1614A Plant 1 sample as illus-
trated by a decrease in both the nonimmersed and fuel-immersed penetration
values. The fuel-immersed change in weight also exhibited a decrease with an
increase in the heating time, but the flow values and bond to concrete results
were not affected.

26. The Superseal 1614A Plant 2 sample met the FS S$S-S-1614A test
requirements at heating periods of 45 min and 3.0 hr, but did not meet the
testing requirements at heating periods of 4.5 and 6.0 hr. The Super-
seal 1614A sample from Plant 2 hardened as the heating time was extended as
indicated by the nonimmersed penetration values. The fuel-immersed penetra-
tions generally decreased with an increase in the heating period. The fuel-
immersed penetration value for the 4.5 hr heating period was the exception to
the trend. The fuel-immersion change in weight and the flow values did not
change appreciably with the increased heating times, but the sealant became
sufficiently stiff to result in unsatisfactory bond to concrete for the 4.5
and 6.0 hr heating times.

27. The significance in differing test of the Superseal 1614A Plant 1
and Plant 2 samples is the fact that both materials are manufactured using the
same formulations, but from different sources of raw materials. The sealants
were affected differently by extended heating, and, therefore, they will prob-
ably be affected differently by weathering.

28. Product 9012 met the FS S5-S-1614A testing requirements after the
45 min, 3.0 hr, and 4.5 hr heating periods. However, it did not meet the
testing requirements when exposed to the 6.0 hr heating time. The non-
immersed penetration and fuel-immersed change-in-weight values did not change
appreciably with an increase in the heating period. The fuel-immersed pene-
tration values indicated a stiffening with increased heating times. The flow
and bond to concrete results did not change with the exception of the non-

immersed bond results at 6.0 hr. The nonimmersed bond test results were
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Figure 2. Fuel-immersed penetration of jet-fuel-resistant sealants
after 0.75, 3, 4.5, and 6 hr of heating
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after 0.75, 3, 4.5, and 6 hr of heating
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unsatisfactory, but overall, Product 9012 appeared to be less affected by
extended heating times than the Superseal 1614A samples.

29. The NEA 1614 sealant met the specification test requirements of all
four heating times. The nonimmersed penetration values indicated a softening
of the material as the heating time was extended from 45 min to 4.5 hr, but
then hardened after heating time of 6.0 hr. 7The fuel-immersed penetration
values indicated a slight hardening as the heating time was extended. The
fuel-immersed change-in-weight values decreased as the heating time increased,
but the flow and bond to concrete results did not vary.

30. The Nitoseal 777 did not conform to FS SS-S-1614A test requirements
at heating times of 45 min or 3.0 hr as reported by Crafco, but it did conform
to the testing requirements at the 6.0 hr heating time. The 4.5 hr heating
time testing was not conducted duz to insufficient material. The nonimmersed
penetration values exhibited a decrease as the heating time increased, indi-
cating that the sealant hardened as it was heated. The fuel-immersed penetra-
tion values exhibited an increase from the 45 min heating time to 3.0 hr and a
decrease after 6.0 hr. The fuel-immersed change-in-weight values did not
change appreciably during heating, and the flow and bond to concrete results
did not change.

31. The specification testing at the various heating times indicate
that different sealants are affected to different degrees by extended heating.
The results, however, do not infer that one material will perform better in

the field than the other sealants.

Additional Laboratory Testing

32. In order to further evaluate the physical characteristics of the
fuel-resistant sealants, additional testing was performed. The additional
testing procedures were selected to provide a clearer indication of the per-
formance level or physical limits of the available JFR sealants by testing
beyond FS S$S5-S-1614A procedures. Additional tests currently used for sealants
meeting other specifications were used to identify levels of high temperature
performance, low temperature performance, and elastic characteristics. The
additional tests were performed on sealants which were heated for various time

periods to determine the effects of heating on each material. Since most of
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the JFR sealants were supplied as liquids which polymerize during heating,

testing of the liquid materials in their as supplied state was also performed.

33. Test procedures used to determine "as-supplied" properties were as

follows:

I®

o

Brookfield viscosity at 77°F and 100°F. These evaluations were
performed to determine the thickness of each material at typi-
cal ambient temperatures which the sealant may experience prior
to application. The viscosity indicates the ease with which
the material may be handled when adding to melter-applicato:
devices. Testing was performed using a Brookfield Model HAT
viscometer, with a No. 4 probe at 20 rpm for 77*1°F testing,
and a No. 2 probe at 20 rpm for 100*1°F testing.

Oven-aged weight change at 158°F. The weight change was evalu-
ated in two different sample configurations to determine the
volatile content of the sealant materials. The first sample
configuration was a standard 6 oz (70 mm diam, and 45 mm deep)
ointment tin that is used for penetration testing in FS §S-§-
1614A. For this evaluation, 100 * 1 g of the sealant was
placed in the tin. The second configuration was a 140-mm diam
by 9.5-mm deep pan as specified in ASTM D1754 with 100 * 1 g of
sealant., For each configuration, the pans with sealant were
placed in a 158°F + 2°F forced-draft oven and their weight was
monitored after 0, 2, 6, 24, 72, and 168 hr of exposure. From
these measurements, percent weight loss was calculated.

34. Test procedures used to determine additional physical properties

were as follows:

a.

=

Resilience. Resilience was determined after four different
curing periods used in several different sealant testing proce-
dures. The resilience parameter provides an indication of the
elastic characteristics of the sealant. Evaluation at several
different curing periods provides an indication of variations
which may occur in elastic characteristics during aging. Test-
ing was performed in accordance with FS SS$-5-1401C except four
different curing and conditioning periods prior to conditioning
in the 77°F water bath were used. The four curing and condi-
tioning periods were (a) 24 * 2 hr at standard conditions (the
standard FS SS-5-1401C procedure), (b) 72 * 4 hr at standard
conditions (the standard ASTM D3583 procedure)}), (¢) 72 * 4 hr
at standard conditions followed by 24 * 2 hr in a 158° * 2°F
forced-draft oven (the standard ASTM D3583 aged procedure), and
(d) 72 * 4 hr at standard conditions followed by 168 *4 hr in a
158° * 2°F forced-draft oven (the FS 55-5-1401C aged
procedure).

Cone penetration at 0°F. This test provides an indication of
the material stiffness at 0°F. The test procedure consisted of
further conditioning the 77°F penetration samples from standard
FS SS5-S-1614A testing in an air atmosphere at 0 * 2°F for

16 £ 4 hr immediately after determining the 77°F penetration.
The specimen was removed from the 0°F atmosphere and tested
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immediately at standard lab conditions for penetration using
the 150 g cone with a 5 sec duration. Three determinations
were made within 60 sec from the time of removal from the 0°F
atmosphere and the results were averaged.

Flow testing. Flow of the sealants was evaluated at higher
temperatures and longer times using ASTM D3583 and FS SS-S-200E
procedures. This testing was conducted to provide an indica-
tion of high service temperature flow resistance properties.
Testing was performed using samples prepared in accordance with
FS S5-S-1614A procedures. Samples were then exposed to the
following four sets of conditions to determine flow:

(a) 158° * 2°F for 5 hr, (b) 158° % 2°F for 24 hr,

(e) 200° * 2°F for 5 hr, and (d) 200° % 2°F for 24 hr.

Oven-aged weight loss, 158°F. This evaluation was performed
after 24, 72, and 168 hr of exposure to determine sealant vola-
tile loss after application due to exposure to summer tempera-
tures. The test consisted of pouring specimens into tared 6 oz
(70 mm diam x 45 mm deep) tins, curing at standard laboratory
conditions for 72 * 4 hr, weighing each to the nearest one
hundredth of a gram, and then placing them in a 158° + 2°F
forced-draft oven. Specimens were then removed after 24, 72,
and 168 hr, allowed to cool for 1 hr, and weighed. Percent
weight loss for each condition was calculated.

Bond testing. Bond testing was performed using three addi-
tional procedures which consisted of higher extensions and
lower temperatures than standard FS S$S-5-1614A procedures.
This testing was conducted to provide a better indication of
the low temperature stiffness and adhesion properties of each
sealant. Only nonimmersed bond specimens were tested using the
additional procedures. Specimen preparation was the same as
specified in FS §S8-5-1614A. Testing conditions for three
cycles each were as follows: (a) 0 * 2°F, 100 percent exten-
sion, (b) -20 * 2°F, 50 percent extension, and (c¢) -20 %t 2°F,
100 percent extension. The same evaluation criteria for 1614A
nonimmersed bond testing was used for evaluating the bond
tests.

Flame resistance. Testing was performed using the FS S5-S-200E
procedures to provide an indication of the resistance of each
sealant to aircraft exhaust.

Tack free time. Testing was performed to determine cure time
and to provide an estimate of the tack free time using the
basic FS S§-5-200E procedure.

Brookfield viscosity. The viscosity was performed with the
heated material at the safe heating temperature (* 2°F) just
prior to pouring specimens. The viscosity testing was con-
ducted to provide an indication of sealant application charac-
teristics. Testing was performed using a Brookfield Model HAT
viscometer with the appropriate probes and speeds (typically
No. 4 at 20 rpm).
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Stress relaxation. Stress relaxation testing was performed on
the sealants conditioned at each heating period. The testing
was conducted at both 76 * 1°F and -20 + 2°F. The testing
consisted of extending bond specimens prepared in accordance
with FS SS-S5-1614A to a predetermined distance or force using
an extension frame. The force decay curve as a function of
time was then monitored. Before testing, the bond specimens
were conditioned for a minimum of 4 hr at the test temperature.
For testing at 76°F, specimens were placed in the extension
device grips, and then extended at a uniform rate in 10 sec to
100 percent, (1.00 in. separation between the blocks). The
initial force was then recorded and time measurements were
started as soon as the 100 percent extension was reached.
Extension was then maintained at 100 percent, and the force
recorded as the specimen relaxes at 10, 30, and 60 sec, as well
as 5, 10, and 60 min. For testing at -20°F, the procedure was
similar, except the specimens were loaded to a force of 200 1b,
(50 psi) in the 10 sec period instead of 100 percent. The
force relaxation was then monitored at 0, 30, and 60 sec, 2, 5,
30, and 60 min, and 3 and 6 Lr. During the test, the force was
monitored using a calibrated 100 1b force ring for 76°F tests,
and a 500-1b force ring for -20°F tests. A diagram of the
extension device used i5 shown in Figure 5. Force data were
converted into pounds per square inch based on the original
specimen surface area of 4.00 sq in.

35. Additional test result data are summarized in Tables 6 through 11

and plotted in Figures 6 through 21.

Additional Laboratory Test Analvysis

36. The "as-supplied” properties of the liquid JFR sealants are pro-
vided in Table 6. The Product 9012 as-supplied properties were not determined
since it was supplied in solid form.

Brookfield viscosity

37. The Brookfield viscosities of the liquid sealants decreased as the
materials were heated to 100°F as illustrated in Figure 6. As temperature
increases above 100°F to approximately 180-200°F, the viscosity decreases.
Then the liquid materials get to an extremely high viscosity at 200 to 230°F,
and then they thin down to the viscosity at the safe heating temperature. The
viscosity of each sealant significantly increased as the temperature was
increased from 100°F to the safe heating temperature. The viscosity continued
to increase as the sealant was exposed to extended heating times. The
increase in viscosity at the extended heating times indicates that the seal-

ants become more difficult to pump out of the application equipment as
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Table 7
Additional Physical Characteristics

Crafco Superseal 1614A Plant 1}

Heating Period

Test Parameter 45 min 3.0 hr 4.5 hr
Resilience
24 hr, percent 41 42 41
72 hr, percent 53 57 54
Aged 72 hr resilience
24 hr, 158°F, percent 36 27 33
168 hr, 158°F, percent 21 27 17
Penetration, 0°F, cm
Nonimmersed 0.16 0.18 0.13
Fuel-immersed 0.22 0.26 0.17
Flow, cm
158°F, 5 hr 0.0 0.0 0.0
158°F, 24 hr 0.0 0.0 0.0
200°F, 5 hr 5.0+ 5.0+ 5.0+
200°F, 24 hr 5.0+ 5.0+ 5.0+
Oven aged weight loss, percent
24 hr, 158°F -0.5 -0.4 -0.4
72 hr, 158°F -0.7 -0.7 -0.6
168 hr, 158°F -1.3 -1.1 -1.0
Nonimmersed bond
0°F, 100 percent, 3 cycles S* S S
-20°F, S50 percent, 3 cvcles U U U
-20°F, 100 percent, 3 cycles U U U
Flame resistance 4] ] U
Tack free time, min 35 15 8
Viscosity, Brookfield,
270°F, cps 7,000 7,200 8,400

48
60

34
22

<O
P
N

O O O
W WO o

-0.6
-0.9

10,400

* S signifies satisfactory performance in accordance with the test
specification.
*% U signifies unsatisfactory performance.
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Table 8

Additional Physical Characteristics

Crafco Superseal 1614A, Plant 2

Heating Period

Test Parameter 45 min 3.0 hr 4.5 hry 6.0 hr
Resilience
24 hr, percent 58 S4 54 57
72 hr, percent 65 63 64 67
Aged 72 hr resilience
24 hr, 158°F, percent 57 39 31 44
168 hr, 158°F, percent 30 29 32 30
Penetration, 0°F, cm
Nonimmersed 0.17 0.12 0.11 0.07
Fuel-immersed 0.28 0.19 0.12 0.09
Flow, cm
158°F, S hr 0.0 0.0 0.0 0.0
158°F, 24 hr 0.0 0.0 0.0 0.0
200°F, 5 hr 0.0 0.0 0.3 0.3
200°F, 24 hr 0.0 0.2 0.4 0.3
Oven aged weight loss, percent
24 hr, 158°F -0.5 -0.3 -0.2 -0.2
72 hr, 158°F -0.9 -0.5 -0.7 -0.4
168 hr, 158°F -1.0 -0.9 -0.7 -0.6
Nonimmersed bond
0°F, 100 percent, 3 cycles S* Uskx U U
-20°F, 50 percent, 3 cycles u U u U
-20°F, 100 percent, 3 cycles U U U u
Flame resistance U U U U
Tack free time, min 9 8 6 5
Viscosity, Brookfield,
270°F, cps 7,200 7,920 11,040 12,300

* § signifies satisfactory performance in accordance with the test
specification.
*% U signifies unsatisfactory performance.
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Table 9
Additional Physical Characteristics

Product 9012

Heating Period

‘ast Parameter 45 min 3.0 hr 4.5 hr
P. : o€
24 hr, percent 38 49 52
72 hr, percent 53 58 59
Aged 72 hr resilie:ce
24 hr, 158°F, percent 45 49 58
168 hr, 158°F, percent 27 29 30
Penetration, 0°F, cm
Nonimmersed 0.10 0.09 0.08
Fuel-immersed 0.19 0.15 0.16
Flow, cm
158°F, 5 hr 0.0 0.0 0.0
158°F, 24 hr 0.0 0.0 0.0
200°F, 5 hr 0.5 0.5 0.6
200°F, 24 hr 0.6 0.5 0.6
Oven aged weight loss, percent
24 hr, 158°F -0.3 -0.. -0.2
72 hr, 158°F -0.5 -0.4 -0.43
168 hr, 158°F -0.8 -0.8 -0.6
Nonimmersed bond
0°F, 100 percent, 3 cycles U U U
-20°F, 50 percent, 3 cycles 1)) U U
-20°F, 100 percent, 3 cycles U u 3]
Flame resistance U U U
Tack free time, min 20 15 9
Viscosity, Brookfield,
280°F, cps 8,400 11,000 12,400

6.0 hr

54
57

51
28

oo

[eNeRelo]
AN OO

~N o caca

14,400

* U signifies unsatisfactory performance in accordance with the test
specification.
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Table 10

Additional Physical Characteristics

NEA 1614
Heating Period
Test Parameter 45 min 3.0 hr 4.5 hr 6.0 hr
Resilience
24 hr, percent 51 50 56 51
72 hr, percent 50 61 63 60
Aged 72 hr resilience
24 hr, 158°F, percent 41 50 39 47
168 hr, 158°F, percent 29 35 30 27
Penetration, 0°F, cm
Nonimmersed 0.12 0.13 0.08 0.07
Fuel-immersed 0.23 0.23 0.22 0.19
Flow, cm
158°F, 5 hr 0.0 0.0 0.0 0.0
158°F, 24 hr 0.0 0.0 0.0 0.0
200°F, 5 hr 0.2 0.0 0.0 0.0
200°F, 24 hr 0.3 0.1 0.1 0.1
Oven aged weight loss, percent
24 hr, 158°F -0.3 -0.3 -0.4 -0.3
72 hr, 158°F -0.6 -0.6 -0. -0.5
168 hr, 158°F -0.9 -0.9 -0.8 -0.8
Nonimmersed bond
0°F, 100 percent, 3 cycles U U U U
-20°F, 50 percent, 3 cycles U U U U
-20°F, 100 percent, 3 cycles U U U U
Flame resistance U U U U
Tack free time, min 20 20 12 7
Viscosity, Brookfield,
270°F, cps 9,000 12,400 13,000 16,400

* U signifies unsatisfactory performance in accordance with the test
specification.
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Table 11
Additional Physical Characteristics

Nitoseal 777

Heating Period

Test Parameter 45 min 3.0 hr 4.5 hr
Resilience
24 hr, percent 63 58 -
72 hr, percent 72 71 --
Aged 72 hr resilience
24 hr, 158°F, percent 44 55 --
168 hr, 158°F, percent 43 53 --
Penetration, 0°F, cm
Nonimmersed 0.18 0.16 --
Fuel-immersed 0.14 0.15 .-
Flow, cm
158°F, 5 hr 0.0 0.0 --
158°F, 24 hr 0.0 0.0 --
200°F, 5 hr 0.1 0.1 --
200°F, 24 hr 0.1 0.1 --
Oven aged weight loss, percent
24 hr, 158°F -0.3 -0.3 --
72 hr, 158°F -0.4 -0.6 --
168 hr, 158°F -1.0 -1.1 --
Nonimmersed bond
0°F, 100 percent, 3 cycles Sx¥ S --
-20°F, 50 percent, 3 cycles U U --
-20°F, 100 percent, 3 cycles U U --
Flame resistance U U --
Tack free time, min 15 15 .-
Viscosity, Brookfield,
300°F, cps 2,600 3,200 --

6.0 hr

35
64

54
31

.14

[e N e]
Pt
o

cooo
R e

1
(o]
o

adag
=

10

4,700

* Testing was not performed after 4.5 hr of heating.

** S signifies satisfactory performance in accordance with the test

specification.

t U signifies unsatisfactory performance.
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Figure 6. Viscosity at 77°F and 100°F for liquid jet-fuel-resistant
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Figure 7. Weight loss at 158°F using a 6-o0z. container for liquid
jet-fuel-resistant sealants
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Figure 8. Weight loss at 158°F using a 140mm diameter pan for liquid
jet-fuel-resistant sealants
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Figure 9. Twenty-four hr cured resilience of jet-fuel-resistant sealants
after 0.75, 3, 4.5, and 6 hr of heating
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Figure 10. Seventy-two hr cured resilience of jet-fuel-resistant
sealants after 0.75, 3, 4.5, and 6 hr of heating
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Figure 11. Seventy-two hr cured, 24 hr aged resilience of jet-fuel-
resistant sealants after 0.75, 3, 4.5, and 6 Lir of heating
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Fuel-immersed cone penetration at 0°F for jet-fuel-

resistant sealants after 0.75, 3, 4.5, and 6 hr of heating
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22,000 , I i T

20,000 |- A5 [ 13w EJssw BRew ]
18,000 |- ]
16,000 |-
14,000 |-
12,000 |-
10,000 |-
8,000
6.000 |
4,000 }
2,000 |

7

BROOKFIELD VISCOSITY, CPS

SO0
otats
.....

MMM

RS A

SUPERSEAL SUPERSEAL PRODUCT 8012 NEA 1614 NITOSEAL
1614 A, Pt 1614 A, P2 777

-
.

Figure 21. Viscosity at safe heating temperature for jet-fuel-resistant
sealants after 0.753, 3, &, 4.5, and 6 hr of heating

41




heating times are increased. Tables 7-11 provide the additional test results
for the sealants.
Oven-aged change in weight

38. The oven-aged change-in-weight data for the as-received sealants
indicate they all experienced weight loss with aging. The tests conducted in
the 140-mm-diam pan (Figure 8) exhibited greater weight loss than the tests
conducted in the 6-o0z tin (Figure 7). The greater weight loss occurs in the
140-mm-diam samples due to the greater surface area exposed to the heated air.
The oven-aged change-in-weight tests indicate that the Nitoseal 777 had the
largest volatile loss and the NEA 1614 experienced the smallest loss. The
oven-aged change-in-weight results for the sealants exposed to the various
heating times are plotted in Figures 15 through 19. The test results indi-
cated that as the sealants were exposed to longer heating times before condi-
tioning, the percent weight loss decreased except for the Nitoseal 777. This
trend was expected, since the sealants were exposed to longer heating times
and the vclatiles would be lost during the heating.

39. The maximum weight loss after 168 hr of aging was 1.3 percent for
Superseal 1614A, Plant 1 after 45 min of heating, and the minimum weight loss
was 0.6 percent for Superseal 1614A, Plant 2 after 6.0 hr of heating. The two
sealants manufactured using raw materials from different sources again exhib-
ited different physical properties.

40. During the oven-age testing, the surface of the sealant samples
became brittle. An increase in brittleness or hardness also occurred as the
samples were exposed to longer aging periods. This phenomena was studied in
greater detail, and the testing procedures and results are discussed in
Part V.

Resilience testing

41. Resilience after 24 hr of curing at ambient conditions (Figure 9)
varied from a low of 38 percent for the Product 9012 after 45 min of heating
to a high of 63 percent for Nitoseal 777 after 45 min of heating. Resilience
data varied depending on heating period, and differences exist between seal-
ants. Superseal 1614A, Plant 1 had the lowest overall average resilience
(43 percent), and Superseal 1614A, Plant 2 had the highest average (57 per-
cent). Superseal 1614A, Plant 2 experienced the least change during heating
(4 percent range of data), and Product 9012 experienced the greatest change
(16 percent range of data).
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42. Resilience after 72 hr of curing at ambient conditions (Figure 10)
varied from a low of 50 percent for NEA 1614 after 45 min of heating to a high
of 72 percent for Nitoseal 777 after 45 min of heating. Superseal 16144,
Plant 1 had the lowest average resilience (56 percent) and Nitoseal 777 had
the highest average (69 percent). All resilience results for the sealant
materials were higher after 72 hr of curing than after 24 hr of curing. The
one exception to this trend was the NEA 1614 that had been exposed to 45 min
of heating. The average increase in resilience varied from 6 to 13 percent.

43. The resilience of the sealants after they were subjected to aging
at 158°F for 24 hr (Figure 11) varied from a low of 27 percent for Super-
seal 1614A, Plant 1 after a 3 hr heating time to a high of 58 percent for
Product 9012 after a 4.5 hr heating time. Superseal 1614A, Plant 1 had the
lowest overall average (33 percent), and Product 9012 and Nitoseal 777 had the
highest averages (51 percent). All resilience results for the sealant materi-
als were lower after aging for 24 hr at 158°F than the sealants cured for
72 hr. The greatest overall average decrease in resilience was for Super-
seal 1614A, Plant 1 (24 percent decrease), and the least decrease was for
Product 9012 (6 percent).

44. The resilience of the sealants after they were subjected to aging
at 158°F for 168 hr (Figure 12) varied from a low of 17 percent for Super-
seal 1614A, Plant 1 after 4.5 hr of heating to a high of 53 percent for Nito-
seal 777 after 3 hr of heating. Superseal 1614A, Plant 1 had the lowest
average resilience (22 percent) and Nitoseal 777 had the highest (42 percent).
In all but two tests, resilience results after 168 hr of aging were lower than
at 24 hr of aging. Product 9012 experienced the greatest average decrease
(22 percent) and Nitoseal 777 experienced the least (9 percent).

45. The above results and discussions indicate that resilience varies
significantly between the sealants tested due to the length of heating period
used and the curing and aging period. Lowest overall resilience results were
obtained for Superseal 1614A, Plant 1 (39 percent), and the highest results
were for Nitoseal 777 (59 percent). The effect of heating period varies
depending on the sealant tested. For some materials heating had little effect
on results, while with others, the results tended to either increase or
decrease with heating. Increasing curing time from 24 to 72 hr prior to test-
ing caused the resilience to increase by an average of 9 percent for all

materials tested. The resilience values within a specific heating for the
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sealants exhibited a general decrease as the samples were exposed to aging,
but clear trends were not exhibited for specific resilient testing of varying
heating times.

Penetration testing

46. Penetration testing at 0°F (Figure 13) showed a decrease as heating
time increased for all sealants. Results after 45 min of heating varied from
0.10 to 0.18 cm. Results after 6 hr of heating varied from 0.07 to 0.14 cm.
All materials tested had lower penetrations after 6 hr than after 45 min.
Percent retained penetration after 6 hr compared to 45 min of heating varied
from a low of 41 percent for Superseal 1614A, Plant 2 to 80 percent for
Product 9012,

47. Fuel-immersed penetration data at 0°F are plotted in Figure 14. As
with nonimmersed penetration at 0°F, results show a decrease as the heating
time was increased. Additionally for all materials except Nitoseal 777, fuel-
immersed penetration results at O°F are higher than nonimmersed results. This
may be due to a softening effect of fuel with some materials. After 45 min of
‘heating, Superseal 1614A, Plant 2 had the highest penetration (0.28 cm), and
Nitoseal 777 had the lowest (0.14 cm). After 6 hr of heating, NEA 1614 had
the highest penetration (0.19 cm) and Superseal 1614A, Plant 2 had the lowest
(0.09 cm). Retesting for O0°F fuel-immersed penetration of specimens which
were stored several days at standard conditions showed decreases in penetra-
tion. It is believed this was caused by the evaporation of fuel from the
samples. The penetration values indicate that the sealants became more brit-
tle with aging. |
Flow testing

48. The flow for all of the sealants at 158°F for 5 and 24 hr was
0.0 cm at all heating periods. Testing at 200°F resulted in a wide variation
in flow results. Superseal 1614A, Plant 1 flowed more than 5.0 cm for each
heat period except 6 hr, where the flow was 0.9 and 1.0 cm. The flow of all
other materials was less than 1.0 cm for all heat periods. Based on this
data, it appears that the current FS S$S-S-1614A specification flow testing
procedure could be changed to use higher temperatures for a more stringent
evaluation of sealants.

Nonimmersed bond testing

49. All of the sealants from each of the heating periods failed the

-20°F nonimmersed bond testing at both 50 and 100 percent extension. All
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materials failed during the first extension cycle. Results obtained at 0°F
using 100 percent extension varied for the different sealants and heating
periods. Superseal 1614A, Plant 1 showed satisfactory results for each heat-
ing period except 6.0 hr. Superseal 1614A, Plant 2 results were satisfactory
after 45 min of heating, but unsatisfactory for the other heating periods.
Product 9012 and NEA 1614 results were unsatisfactory at all heating periods.
Nitoseal 777 showed satisfactory results after 45 min and 3.0 hr of heating,
but unsatisfactory results after 6.0 hr. Previously discussed bond results in
accordance with FS S§S-S-1614A (which used 50 percent extension at 0°F) showed
satisfactory results for all materials. These results indicate that the

FS S5-5-1614A bond testing procedure evaluates available sealant materials at
or near their limit of low temperature performance.

Flame resistance testing

50. Flame resistance testing yielded unsatisfactory results for all
materials tested. During the test, all materials dripped before the end of
the 2 min 500°F flame exposure period which illustrates that these materials
are not resistant to concentrated aircraft exhaust.

Tack free testing

51. Tack free time (Figure 20) varied from a high of 35 min for Super-
seal 1614A, Plant 1 to a low of 5 min of Superseal 1614A, Plant 2. Results
for all materials decreased with longer heating periods. Thus, areas sealed
with these materials can be opened to traffic within a short period of time
without damaging the sealant.

Stress relaxation testing

52. Stress relaxation results at 76 and -20°F are summarized in
Tables 12 through 15. Results are plotted in Figures 22 through 25. A plot
of relaxation data at 76°F for each sealant after 3 hr of heating is shown in
Figure 26. The initial stress is the highest and as time increases, stress
decreases as the specimen relaxes. Since testing at 76°F was performed using
a 100 percent extension, the data can also be referred to as a static modulus.
Figure 22 shows the initial 76°F static modulus, and that the modulus
increased with heating period. Superseal 1614A, Plant 1 after 45 min of heat-
ing had the lowest initial static modulus (3.0 psi), and Superseal 1614A,
Plant 2 after 6 hr of heating had the highest (10.0 psi). 1Initial static
modulus behaved in an inverse manner compared to 77°F penetration trends.

Figure 23 shows static modulus at 76°F after a 60 min relaxation period.
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Table 12
Stress Relaxation Data at 76 + 1°F and -20 * 2°F
Superseal 1614A, Plant 1

Stress, psi
Relaxation Period 45 min* 3.0 hr 6.0 hr

Testing at 76 + 1°F

0 sec 3.0 3.3 5.1
10 sec 2.0 2.5 3.3
30 sec 1.8 2.3 2.8
60 sec 1.7 2.0 2.5

5 min 1.5 1.8 2.0
10 min 1.3 1.5 2.0
60 min 1.1 1.3 1.6

Testing at -20 * 2°F

0 sec 50.0 50.0 50.0
30 sec 48.3 49.5 49 .1
60 sec 47.9 48.6 47.7

2 nin 45.6 46 .4 45.9

S min 38.8 41.4 40.9
30 min 11.9 15.0 25.0
60 min 8.6 9.5 20.0

3 hr 7.7 9.1 18.6

6 hr 7.3 8.2 16.8

* Heating period used prior to pouring samples.
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Table

13

Stress Relaxation Data at 76 * 1°F and -20 + 2°F

Superseal 1614A, Plant 2

Relaxation Period

10
30
60

10
60

30

60

30
60

sec
sec
sec
sec
min
min
min

sec
sec
sec
min
min
min
min
hr

hr

Stress, psi

45 min* 3.0 hr 6.0 hr

Testing at 76 * 1°F

5.6 5.4 10.0
3.6 3.8 7.0
3.3 3.1 5.3
3.0 2.9 4.5
2.6 2.4 3.3
2.4 2.3 3.0
2.0 1.9 2.5
Testing at -20 * 2°F

Testing was not performed
due to insufficient quantity
of sealant

* Heating period used prior to pouring samples.
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Table 14

Stress Relaxation Data at 76 + 1°F and -20 + 2°

NEA 1614
Stress, psi
Relaxation Period 45 min* 3.0 hr 0 hr
Testing at 76 * 1°F
0 sec 4.5 6.8 8.0
10 sec 3.3 5.0 6.3
30 sec 2.8 4.3 5.5
60 sec 2.6 3.8 5.0
5 min 2.3 3.3 4.0
10 min 2.2 3.0 3.8
60 min 2.0 2.5 3.0
Testing at -20 * 2°F
0 sec 50.0 50.0 50.0
30 sec 49.5 49.5 48.4
60 sec 48 .4 48 .4 46.8
2 min 46.3 46.8 45.3
S min 40.6 42.8 41.8
30 min 16.9 18.7 19.2
60 min 11.9 14.8 17.3
3 hr 11.0 12.3 16.8
6 hr 11.0 12.3 16.3

* Heating period used prior to pouring samples.
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Table 15
Stress Relaxation Data at 76 * 1°F and -20 + 2°F
Nitogseal 777

Stress, psi
Relaxation Period 45 min* 3.0 hr 6.0 hr

Testing at 76 * 1°F

0 sec 5.0 5.9 6.6
10 sec 3.5 4.1 4.6
30 sec 3.1 3.6 4.0
60 sec 2.9 3.4 3.8

5 min 2.4 2.6 3.5
10 min 2.1 2.4 2.9
60 min 1.6 2.0 2.4

Testing at -20 + 2°F

0 sec 50.0 50.0 50.0
30 sec 49 .3 48.8 49 .3
60 sec 48 .4 47.9 46 .5

2 min 46.1 45.6 43.8

5 min 39.7 38.8 37.4
30 min 7.8 8.2 8.7
60 min 5.9 7.3 8.2

3 hr 5.9 6.8 7.6

6 hr 5.5 6.8 7.6

* Heating period used prior to pouring samples.
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Figure 23. Sixty minute static modulus at 100 percent extension at 76°F
for jet-fuel-resistant sealants after 0.75, 3, and 6 hr of heating
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Superseal 1614A, Plant 1 after 45 min of heating had the lowest 60 min modulus
(1.1 psi), and NEA 1614 after 6 hr of heating had the highest (3.0 psi).
Overall, Superseal 1614A, Plant 1 had the lowest modulus values at 76°F.
During heating, Nitoseal 777 had the lowest percentage increase in initial
static modulus (32 percent) and Superseal 1614A, Plant 2 and NEA 1614 had the
highest (78.6 percent and 77.7 percent, respectively). For 60 min relaxed
modulus, Product 9012 experienced the greatest increase during heating

(92.3 percent) and Superseal 1614A, Plant 2 experienced the lowest (25 per-
cent). Static modulus data at 76°F show that the different sealants tested
have stress relaxation characteristics which differ with relaxation period and
heating time used to prepare specimens.

53. Figure 27 is a plot of relaxation data at -20°F for the JFR seal-
ants after 3 hr of heating. The stiffness of the sealants prevented them from
being extended 100 percent at -20°F; therefore, they were loaded to a 50-psi
tensile stress, and relaxation was monitored from that initial stress. Fig-
ure 24 shows stress after a 30 min relaxation period at -20°F. As seen from
the data, each sealant experienced increased stress, with Nitoseal 777 having
the lowest average stress (8.2 psi) and Product 9012 having the highest aver-
age stress (20.9 psi). Nitoseal 777 had the lowest stress increase due to
heating (11.5 percent), and Superseal 1614A, Plant 1 had the largest (110 per-
cent). Figure 25 shows the 6 hr relaxed stress at -20°F. The data indicate
that Nitoseal 777 had the lowest average stress (6.6 psi) and Product 9012 had
the highest (15.2 psi). Results show that the sealants have different stress
relaxation characteristics at -20°F and different heating period affects the
sealants differently.

54. The additional test results indicate that current hot-applied JFR
sealants manufactured to meet FS SS-S5-1614A are being evaluated at or near
their limit of low temperature extension performance at 0°F. Each sealant
tested resisted flow at 158°F and some resisted flow at 200°F. All sealants
showed resilience characteristics that varied depending on curing and aging
periods. These results suggest that more stringent specification parameters
of flow and resilience could be incorporated in FS S$S-S-1614A to more accu-
rately define physical characteristics of current materials. Stricter bond
testing (such as at -20°F), however, would not be possible with current seal-

ants since they could not perform at lower temperatures or higher extensions.
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PART IV: PHYSICAL CHARACTERISTICS OF AVAILABLE HOT-4PPLIED
NON-JET-FUEL-RESISTANT SEALANTS

Products Tested

55. During initial project planning meetings, it was decided that in
order to determine specification limits for an improved non-JFR sealant, a
variety of available hot-applied, non-JFR sealants should be tested to deter-
mine their physical properties. It was also decided that tests in addition to
those in FS SS-5§-1401C should be conducted. The additional tests would be
more extensive and would be conducted to determine performance limits and
provide a basis for comparison and improvement. Sealant materials manufac-
tured to meet a variety of specifications including FS SS-S-1401C, ASTM D3405,
American Association of State Highway and Transportation Officials (AASHTO)
M173, (AASHTO 1986), and modifications of ASTM D3405 and AASHTO M173 were
procured for testing. All of those sealants were supplied as solid materials.

56. Joint sealant materials which were evaluated for the non-JFR por-
tion of this study were as follows:

a. RoadSaver 222, Crafco Inc., manufactured to meet FS §S-S-1401C,
ASTM D3405, and ASTM D1190.

b. RoadSaver 231, Crafco Inc., manufactured to meet several state
modified low-modulus ASTM D3405 specifications including Iowa
Department of Transportation (IDOT) 4136.02a (IDOT 1984),
Kansas Department of Transportation (KDOT) TS109.6 (XDOT 1986),
and South Dakota Department of Transportation (SDDOT) low modu-
lus D3405 (SDDOT, undated).

RoadSaver 299, Crafco Inc., manufactured to meet a low modulus
company developed specification (Crafco 1991).

o]

e

RoadSaver 515, Crafco Inc., manufactured to meet a variety of
state modified AASHTO M173 specifications such as Mis-

souri 1051.1.4 (Missouri Highway and Transportation Commission
1988), Minnesota Department of Transportation (MNDOT) 3723
(MNDOT 1988), and South Dakota 870.1 (SDDOT 1985).

o

Product 9030, Koch Materials Company, manufactured to meet
several state low-modulus modified ASTM D3405 specifications.

Lo}

Product 9005, Koch Materials Company, manufactured to meet
requirements of FS §5-8-1401C, ASTM D3405, and ASTM D1190.

g. Sof Seal, W. R. Meadows, manufactured to meet several state
low-modulus modified ASTM D3405 specifications.

=

Hi-Spec, W. R. Meadows, manufactured to meet requirements of
FS SS-S-1401C and ASTM D3405.
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57. Production lot numbers and the manufacturer's recommended pour

temperature and safe heating temperature are as follows:

Lot Pour Safe Heating
Product Identification Temperature Temperature
RoadSaver 222 011290T 380°F 410°F
RoadSaver 231 021240E 380°F 410°F
RoadSaver 299 1231489F 380°F 410°F
RoadSaver 515 0630890 380°F 410°F
Product 9030 213 370°F 390°F
Product 9005 717 370°F 390°F
Sof Seal 9082 370°F 390°F
Hi-Spec 8210 370°F 390°F

Specification Testing

58. Each of the eight sealant materials was tested in accordance with
FS S8-8-1401C using the manufacturer’s recommended safe heating temperature.
The sealants were also tested for FS $5-5-1401C properties at several other
heating periods to determine if the heating period affected measured physical
properties. The additional heating periods included 45 min to provide an
indication of short term heating and application, and 6 hr to determine the
effects of long term heating. Testing for conformance with FS §5-$-1401C at
the standard heat period was performed by both WES and Crafco to determine
testing variability between laboratories.

59. WES and Crafco results are presented in Table 17, and a data sum-
mary which provides mean values, estimated standard deviation (based on a
value of 0.886 times the range of the two values) (Burr 1974), and coefficient
of variation is shown in Table 18. Crafco results for the non-JFR sealants
using heating times of 45 min and 6 hr are summarized in Tables 19 and 20.

Data with numerical values are plotted in Figures 28 through 33.

Specification Test Analysis

60. The test results provided by both WES and Crafco in Table 17 indi-
cate that the RocadSaver 222 and the Hi-Spec sealants conformed to the specifi-
cation requirements of FS $8-S-1401C. Product 9005 did not meet the unaged
resilience initial indentation in the WES testing, but it passed the Crafco
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testing. Crafco could not conduct the bond testing of the Product 9005
because the samples deformed the specimen grips on the extensiometer.

61. The other non-JFR sealant materials did not conform to the require-
ments of FS S$S§-5-1401C in testing conducted by both Crafco and WES.

62. RoadSaver 231, RoadSaver 299, Product 9030, and Sof-Seal sealants
were all softer materials as indicated by the penetration and resilience ini-
tial indentation results. The RoadSaver 515 material had similar penetration
values to typical FS SS-S-1401C materials but it had a lower resilience. It
is believed that since these sealants appear to be softer than the $S-S-1401C
materials that they may exhibit better low temperature characteristics.

63. The summarized data in Table 18 show variability in testing between
the two laboratories. The average penetration values for the sealants range
from 0.69 cm to 1.53 em. The wide range of results was expected since many of
the sealants are manufactured to be softer than required by FS S$5-5-1401C.

The CV for the individual sealants range from 1.2 percent for the Road-

Saver 299 and RoadSaver 515 to 13.3 percent for RoadSaver 231. The flow
results for the non-JFR sealants show greater variability with the CV as high
as 177 percent. The large values of CV were caused by one laboratory's report
of no flow while the other laboratory reported flow. The unaged resilience
percent recovery CV value ranged from a low of 1.3 percent for the Road-

Saver 222 to a high of 18.7 percent for the RoadSaver 299. The results of
other test procedures show similar variances in CV as did the penetration,
flow, and unaged resilience percent recovery. The variances were significant
enough to create the possibility of a sealant sample being tested and reported
as conforming to test requirements by one laboratory, but nonconforming to the
requirements by a second laboratory.

64. The data obtained on the sealant materials using the additional
heating times are provided in Tables 19 and 20 and plotted in Figures 28
through 33.

65. The RoadSaver 222 sample met the specification test requirements
when heated for 45 min, but did not meet the aged resilience percent recovery
when heated for 6.0 hr., The sealant appeared to soften during heating as
indicated by an increase in penetration values. The RoadSaver 222 also showed
a decrease in the resilience percent recovery indicating that the sealant
experienced a loss In elasticity after aging. The flow and bond test results

did not show a change.

66




66. RoadSaver 231 did not conform with the test requirements of
FS 8§-8-1401C after both the 45 min and 6 hr heating times. The penetration
values indicate the sealant hardens as it is heated. The difference in pene-
tration values between the 3 hr heating time and the 6 hr heating time shows a
slight softening but the significance of the change is not clear. Flow and
bond test results were not affected by the change in heating times.

67. RoadSaver 299 did not conform to the test requirements of FS $S-S-
1401C at either the 45 min or 6-hr heating time. The only area of conformance
were the bond and compatibility requirements. The material exhibited a soft-
ening as the heating time was increased.

68. RoadSaver 515 did not conform to the FS §5-5-1401C test requirement
after 45 min or 6 hr of heating. The penetration values indicated that the
material stiffens as the heating time is extended. The other physical proper-
ties did not change significantly.

69. Product 9030 did not conform to the FS $$-5-1401C test requirements
after the 45 min or 6-hr heating times. The sealant softened with an increase
in the penetration values from 1.04 to 1.24 cm. The flow and bond results
were not affected by the increase in heating times, and the resilience values
did not vary significantly.

70. Product 9005 met the FS SS-S-1401C test requirements after the
47 min heating time but did not meet the penetration and unaged resilience
initial indentation after the 6-hr heating time. The material softens with an
increase in heating times as indicated by the penetration values.

71. The Sof-Seal material did not conform to the test requirements of
FS 85-8-1401C after the 45 min or 6-hr heating time. The material specif-
ically did not meet the penetration or the unaged and aged initial indentation
at either heating time. The sealant exhibited stiffening with increased heat-
ing times as illustrated by a decrease in penetration values. The flow and
bond testing results were not affected by the increased heating time.

72. The Hi-Spec material did not conform to the FS S§5-S-1401C test
requirements after the 45-min heating time but did meet the requirements after
the 6-hr heating time. The values for penetration and resilience varied as
heating times changed, but no trends were evident. Bond test results were not

affected by changing the heating time.
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Additional Laboratory Testing

73. In order to further evaluate the physical characteristics of the

non-JFR sealants, additional tests were performed. The additional procedures

were selected to identify more clearly the limits of performance of the avail-

able non-JFR sealants. Additional tests for sealants meeting other specifi-

cations were used to further identify levels of low temperature performance

and adhesion.

The additional tests were performed on materials heated for

45 min, 3 hr, and 6 hr to determine the effects of various heating periods.

74. Procedures used to determine additional properties were as follows:

a.

lo*

10

2

0]

I+

g.

Nonimmersed bond. Nonimmersed bond testing was performed as
required by FS SS-S-1401C except the specimens were extended
100 percent or 200 percent at -20°F. These higher extensions
were performed to determine the limits of low temperature
extension capabilities.

Water immersed bond. Water immersed bond testing was performed
as required by FS SS-S-1401C excent that specimens were
extended 100 percent or 200 percent at -20°F.

Tensile adhesion., Tensile adhesion testing was performed using
the ASTM D3583 procedure. Testing was performed to determine
the adhesion and extension characteristics of the sealants at
77°F,

Softening point. The softening point of the sealants was eval-
uated according to ASTM D36 to determine the limits of high
temperature performance on the sealants.

Ductility. Ductility at 77°F and 39.2°F was determined using
an extension rate of 5 cm/min in accordance with ASTM D113
procedure. The test provides an indication of extension char-
acteristics of the sealants.

Penetration at O0°F. Penetration testing was performed at 0°F
to provide an indication of low temperature sealant stiffness.
Testing was performed using the apparatus and procedures speci-
fied in FS $S5-5-1401C except that the specimen was conditioned
at 0 * 2°F for 16 * 4 hr in a freezer immediately after deter-
miniang the 77°F penetration. Testing consisted of removing the
specimen from the O°F atmosphere and testing immediately at
standard laboratory conditions for penetratfon with the 150-g
cone using a 5-sec duration. These determinations were made
within 60 sec from the time of removal from the 0°F atmosphere.
The results of the three determinations were averaged and
reported.

Viscosity. The heated sealant was tested at the safe heating
temperature (* 2°F) immediately before pouring test samples.
Testing was performed using a Brookfield Model HAT viscometer
with appropriate probes and speeds (typically probe 3 at

20 rpm).
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Static adhesion. Static adhesion testing was performed to
further evaluate adhesion characteristics of the sealants.
Testing consisted of (1) preparing standard bond test specimens
in accordance with FS $5-5-1401C, (2) conditioning the speci-
mens at O0°F for a minimum of 4 hr, (3) extending the specimens
at 0°F to 100 percent extension using the extension rate speci-
fied in FS SS-S5-1401C, and (4) removing the extended specimens
from the freezer and inserting l-in.-thick spacers to maintain
the 100 percent extension. Specimens were then stored at labo-
ratory standard conditions for 24 hr and then examined for any
loss of adhesion to the concrete blocks. A passing result was
one in which there was less than 160 mm? of adhesive separa-
tion. A failing result was a test in which there was more than
160 mm? of adhesive separation.

e

Stress relaxation. Stress relaxation testing was performed on
the sealants after each heating period at both 76 * 1°F and
-20°F * 2°F. The procedure was the same as the procedure
described in Paragraph 33i.

75. Additional physical test data (excluding stress relaxation) are
summarized in Tables 21 through 28. Appropriate data are plotted in Fig-
ures 34 through 39. Stress relaxation results are summarized in Tables 29

through 36, and data are plotted in Figures 40 through 44.

Additional Laboratory Test Analysis

76. Satisfactory results for all sealants tested after each heating
period were recorded for the nonimmersed bond testing at -20°F using 100 per-
cent extension. Product 9005 could not be tested because the extension device
was damaged during the test. Testing at -20°F using 200 percent extension
revealed unsatisfactory results for RoadSaver 222, RoadSaver 515, and Hi-Spec
sealants. Satisfactory results were obtained for RoadSaver 231, Road-

Saver 299, Product 9030, and Sof-Seal.

77. Water immer-ed bond test results were the same as for nonimmersed
bond testing, except for the RoadSaver 222 after 6 hr of heating and Prod-
uct 9030 after 45 min of heating. The test results of these sealants were
unsatisfactory. These bond results show that the FS SS-8-1401C materials
tested can withstand a greater amount of extension (up to 100 percent) than
the 50 percent requirement provided in the specification. However, the
FS 5S8-5-1401C materials failed when tested using 200 percent extension. The
low-modulus sealants tested can satisfactorily withstand 200 percent elonga-

tion; therefore, they may have performance advantages at colder temperatures.
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Table 21

Additional Phvsical Characteristics

Crafco 222
Heating Period
Test Parameter 45 min 3 hr 6 hr

Bond, nonimmersed

-20°F, 100 percent, 3 cycles S* S S

-20°F, 200 percent, 3 cycles Uk* U U
Bond, water immersed

-20°F, 100 percent, 3 cycles S S U

-20°F, 200 percent, 3 cycles U U U
Tensile adhesion, percent 617 667 567
Softening point, °F 184 182 185
Ductility, 77°F,

5 cm/min, cm 45 53 45
Ductility, 39.2°F

5 cm/min, cm 62 61 68
Penetration, 0°F, cm 0.15 0.18 0.17
Viscosity, Brookfield,

410°F, cps 3,640 3,300 3,750
Static adhesion Pass Pass Pass

* S signifies satisfactory performance in the bond test using FS

§5-5-1401C criteria.

** U gignifies unsatisfactory performance.
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Additional

Table 22

Physical Characteristics

Crafco 231

Test Parameter

Bond, nonimmersed

-20°F, 100 percent, 3 cycles

-20°F, 200 percent, 3 cycles
Bond, water immersed

-20°F, 100 percent, 3 cycles

-20°F, 200 percent, 3 cycles
Tensile adhesion, percent
Softening point, °F

Ductility, 77°F,
5 em/min, cm

Ductility, 39.2°F
5 cm/min, cm

Penetration, 0°F, cm

Viscosity, Brookfield,
410°F, cps

Static adhesion

Heating Period

45 min

1,083

216

73

91

0.32

1,700

Pass

3 hr

wn

1,100

208

66

84

0.30

1,800

Pass

w

1,067

214

56

76

[
(8]
o

1,400

Pass

* S signifies satisfactory performance in the bond test using FS

$5-5-1410C criteria.
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Table 23

Additional Physical Characteristics

Crafco 299
Heating Period
Test Parameter 45 min 3 hr 6 hr

Bond, nonimmersed

-20°F, 100 percent, 3 cycles S* S S

-20°F, 200 percent, 3 cycles S s S
Bond, water immersed

-20°F, 100 percent, 3 cycles S S S

-20°F, 200 percent, 3 cycles S S S
Tensile adhesion, percent 1,000 933 850
Softening point, °F 185 183 182
Ductility, 77°F,

5 cm/min, cm 48 48 46
Ductility, 39.2°F

5 ecm/min, cm 43 52 40
Penetration, 0°F, cm 0.42 0.50 0.54
Viscosity, Brookfield,

410°F, cps 2,600 1,960 1,600
Static adhesion Pass Pass Pass

* S signifies satisfactory performance in the bond test using FS

§8-S-1410C criteria.
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Table 24

Additional Physical Characteristics

Crafco 515
Heating Period
Test Parameter 45 min 3 hr 6 hr

Bond, nonimmersed

-20°F, 100 percent, 3 cycles S* S S

-20°F, 200 percent, 3 cycles Uk u U
Bond, water immersed

-20°F, 100 percent, 3 cycles S S S

-20°F, 200 percent, 3 cycles U U U
Tensile adhesion, percent 916 883 900
Softening point, °F 205 202 195
Ductility, 77°F,

5 cm/min, cm 35 35 36
Ductility, 39.2°F

5 cm/min, cm 30 35 34
Penetration, 0°F, cm 0.16 0.17 0.17
Viscosity, Brookfield,

410°F, cps 3,680 3,680 2,500
Static adhesion Pass Pass Pass

* § signifies satisfactory performance in the bond test using FS

$5-5-1410C criteria.
*% U signifies unsatisfactory performance.
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Additional

Table 25

Physical Characteristics

Product 9030

Test Parameter

Bond, nonimmersed
-20°F, 100 percent, 3 cycles
-20°F, 200 percent, 3 cycles
Bond, water immersed
-20°F, 100 percent, 3 cycles
-20°F, 200 percent, 3 cycles
Tensile adhesion, percent

Softening point, °F

Ductility, 77°F,
5 em/min, cm

Ductility, 39.2°F
5 cm/min, cm

Penetration, 0°F, cm

Viscosity, Brookfield,
390°F, cps

Static adhesion

Heating Period

45 min

700

191

23A%

43

0.46

1,000

Fail

3 hr 6 hr

S S

S S

S S

S S
650 550
187 180
32A 29A
44 48
0.47 0.51
1,150 800
Fail Fail

* § signifies satisfactory performance in the bond test using FS
8$5-5-1410C evaluation criteria.

** U signifies unsatisfactory performance.

t A signifies adhesive separation during the test procedure.
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Additional

Table 26

Physical Characteristics

Product 9005

Test Parameter

Bond, nonimmersed
-20°F, 100 percent,
-20°F, 200 percent,

Bond, water immersed
-20°F, 100 percent,
-20°F, 200 percent,

w

cycles
cycles

cycles
cycles

Tensile adhesion, percent

Softening point, °F

Ductility, 77°F,
5 em/min, cm

Ductility, 39.2°F
5 cm/min, cm

Penetration, 0°F, cm

Viscosity, Brookfield,
390°F, cps

Static adhesion

Heating Period

45 min

883

184

37

49

0.08

800

Pass

3 hr

750

183

35

48

0.07

700

Pass

808

183

34

47

0.10

700

Pass

* The sealant stiffness caused bent grips in the extension machine;

therefore, bond test could not be completed.
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Table 27
Additional Physical Characteristics
Sof-Seal
Heating Period
Test Parameter 45 min 3 hr 6 hr

Bond, nonimmersed

-20°F, 100 percent, 3 cycles S* S S

-20°F, 200 percent, 3 cycles S S S
Bond, water immersed

-20°F, 100 percent, 3 cycles S S S

-20°F, 200 percent, 3 cycles S S S
Tensile adhesion, percent*¥ 1,033 900 716
Softening point, °F 170 186 184
Ductility, 77°F,

5 cm/min, cm 47 52 51
Ductility, 39.2°F

5 em/min, cm 48 52 49
Penetration, 0°F, cm 0.48 0.47 0.43
Viscosity, Brookfield,

390°F, cps 1,700 2,200 2,200
Static adhesion Pass Pass Pass

* S signifies satisfactory performance in the bond test using FS

$8-5-1410C evaluation criteria.

** Amount of elongation a bond sample can be stretched.
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Table 28

Additional Physical Characteristics
Hi-Spec
Heating Period
Test Parameter 45 min 3 hr 6 hr

Bond, non-immersed

-20°F, 100 percent, 3 cycles S* S S

-20°F, 200 percent, 3 cycles Uk U U
Bond, water immersed

-20°F, 100 percent, 3 cycles S S S

-20°F, 200 percent, 3 cycles U U U
Tensile adhesion, percent 916 750 783
Softening point, °F 174 181 196
Ductility, 77°F,

5 cm/min, cm 42 41 57
Ductility, 39.2°F

5 cm/min, cn 39 43 51
Penetration, 0°F, cm 0.15 0.15 0.16
Viscosity, Brookfield,

390°F, cps 2,900 2,880 3,200
Static adhesion Pass Pass Pass

* 8 signifies satisfactory performance in the bond test using F$S

$5-8-1410C criteria.

#* U signifies unsatisfactory performance.
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Tensile adhesion cf non-jet-fuel-resistant sealants

Figure 34.
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